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PUDLEY jep;- 


ABSTRACT 


The objective of this project was to develop an interac- 
tive computer program providing flexibility in the design 
and analysis of marine propulsion gears. The progran, 
Reduction Gear Analysis and Design (REGAD), will handie con- 
vential parallel axis and simple epicyclic reduction gears. 
It is capable of generating preliminary designs of new gear 
sets Or providing analyses of existing or proposed gear 
sats. Program development, organization, and operation are 


discussed. 
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I. INTRODUCTION 

In the conceptual stage of ship design, many parameters 
and options are considered. This is especially true with 
respect to the propulsion plant. Changes in hull design, 
displacement, and numbers of propellers all affect changes 
in the requirements for the propulsion plant. There are 
also various options under consideration in the propulsion 
plan+: turbines or internal combustion engines, the number 
of engines, the auxiliaries required for support, etc. All 
of thease will affect the initial design of the reduction 
gears. It is, therefore, lmportant to be able to produce 
preliminary designs of reduction gears for the options under 
consideration. 

Preliminary designs provide useful information on feasi- 
ble arrangements and size without going into the specific 
design details dependent upon manufacturing. Since any nun- 
ber of preliminary designs may be required due to perturpba- 
tions discussed above, it is important to be able to 
automate the design process. An interactive computer pro- 
gram providing various options would free the engineer from 
Sedious, time consuming, and often erztor prone number manip- 
ulation and allow aim to produce multiple designs for con- 


Sideration. I+ would also provide a quick means of checking 


ae) 





@m-e=f£reces Of variouS parameters in addition to the ability 
+o analyze proposed designs or configurations. 

Reduction Gear Analysis and Design (REGAD) was developed 
+o fill this need. It is an interactive computer program 
orfering close user control through numerous options. Being 
interactives, it provides a rapid means of designing or ana- 
lyzing a g@ar set, thereby reducing the turn-around time 
inheren* in the use of batch systems. The program was kept 
modularized and well documented for ease of maintenance and 
modification. The modularized construction also provides an 
additional banefit of being able to use this program on 


smallar computers by using an overlay scheme. 
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TPs OGRA CAPABILITIES 


mee 6CSCOPE 

REGAD was written to provide preliminary designs or 
analyses of marine propulsion reduction gears. It is inca- 
pable of providing detailed designs or performing detailed 
analyses since specifics of manufacturing are not reguired 
for input. The program does not consider shafting, bear- 
moos, lubrication, couplings, casings, or other auxiliaries. 
Iieewitl provide sizing information in the form of pitch 
diameters, 2ffective facewidths, gear ratios, and numbers of 
teeth per gear. In addition, the program wili provide esti- 
mates of loadings and stress levels. Estimated weight and 
dimensions of the gear set are also provided. 

All computations are based primarily on the American 
Gear Manufacturers Association's standards [Ref. 1, 2, 3] 
using appropriate constants for marine propulsion gears 
(Ref. 4, 5]. AS an option in the program, these constants 
can be replaced by the user to enable him to investigate 
other applications such as reduction gears for ships service 


or emergency generators. 


iz 





Bee LLEMITATIONS AND OPTIONS 
Program application is limited to marine reduction gears 
with a maximum of three reduction stages. Conventional par- 
allel axis and simple epicyclic arrangements with helical 
gears are possible. When dealing with epicyclics, it is 
assumed that load sharing of the planets is achieved and 
that the ring gear 1S suitably flexible. Efficiencies of 
the gear sets are not provided since power losses are not 
computed. While estimates of bending and contact stresses 
are provided, scoring can not be estimated since lubrication 
is not considered. REGAD does not require the K-factor as 
input as in previous programs since hardness ranges for the 
Pinions and gears are reguired. However, the K-factors are 
computed and displayed for reference purposes. The weight 
estimates are based on actual designs and do not include 
miemeng Gears, attached lubrication oil pumps, or other 
auxiliaries. 
The following is a list of major options provided by the 

program: 

(i) braef, on-line program description 

(2) choice of design or analysis 

(3) listing of pr¢éprogrammed constants and an ability to 

change selected constants of the user's choice 

(4) choice of single, double, cr triple reductions 

(5) choice of single or double helical gears 

(6) choice of six hardness ranges for gears and pinions 
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(7) 


conventional parallel axis arrangements (see Figures 
lee and 3) 


(a) one or two power inputs 


(b) single power path (articulated) or dual power 


paths (locked train) 


(8) simple spicyclic arrangements (see Figure 4) 


(a) choice of planetary or star arrangements 
(b) single power input 


(c) choice of three, four, or tive planet/star gears. 
Pp g 
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IIT. PROGRAM ORGANIZATION AND OPERATION 





A. REGAD FLOWPATHS 

As stated previously, the program was designed in aodu- 
lar form with each module consisting of a number of subpro- 
grams. These modules are just conceptual groupings of 
associated subprograms, and are not related to actual pro- 
gram implementation on any specific computer. Figure 5 
shows the basic flow paths of the program. Module One is 
for program initialization and problem set up. Module Two 
performs calculations for conventional parallel axis gear 
sets, while Module Three handles epicyclic gear sets. Mod- 
MbesFOur is a grouping of all the computational subprograms 


required by the other modules. 


Gee MODULE LDENTIFICATION AND DESCRIPTION 
This section provides a brief description of each sub- 
program in 2ach module. 


ee Module One : Jnitialization and Set-up 


Module One contains the subprograms necessary for 





Mieeesalization, execution, and initial data entry. et ou 
Dasically, the control module for the program. The follow- 


ing is a grouping of the subprograms in Module One. 


PS 





a. REGAD 
REGAD is the main program. It provides the 
options for either design or analysis and either parallel 
axis or epicyclic arrangements and controls the flow to the 
proper module. I* then calls the required subprograms for 
execution of Modules One, and Two or Thrée. 
b. BLOCK DATA 
The BLOCK DATA subprogram initializes variables 
maeach of the common blocks. 
ae SUBROUTINE DSCRPT 
This subroutine is called by REGAD after an 
affirmative response to a user option to provide a brief 
description of the REGAD package. It contains an option to 
stop «he program if only a program description is desired. 
d. SUBROUTINE INPUT 
All cptions and initial design parameters are 
entered via «his subroutine which is called by REGAD. 
2. SUBROUTINE AGMA 
The constants for marine propulsion gears 
required by various AGMA formulations are initialized in the 
BLOCK DATA subprogram, and can be listed as an option in 
REGAD. REGAD calls this subroutine after an affirmative 
user Cesponse to display the preprogrammed values. This 
Subroutine then allows the user to selectively change any 


Gonscant desired. 
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2, Module Two : Parallel Axis 
This module contains all the major subprograms 
called by REGAD to provide an initial design or to perform 
an analysis of convential parallel axis reduction gears. 
The following is a grouping of the subprograms in Module 
Two. 
ae SUBROUTINE PRLDES 

This subroutine will produce a design of a par- 
allel axis gear set. All pinion and gear diameters, effec- 
tive facewidths, and gear ratios are computed using a basic 
random search optimization technique to find a feasible 
design by attempting to Minimize a function of gear pair 
volume. * should be noted that, while attempting to mini- 
mize gear volume, the design is not necessarily optimized 
for minimum weight. The optimization technnigue is used here 
only to produce a feasible design in terms of dimension and 
Sewet constraints by minimizing a function of gear pair vol- 
ume. To produce a truly optimized design for mininun 
weight, a full optimization must include many more design 
variables such as helix and pressure angles, pitches, and 
hardnesses in addition to the dimensions. Additional con- 
straints such as stress and unit load levels would need to 
be incorporat2d. All of this would require a more sophisti- 
cated and efficient optimization technique than is used 


here. 
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we SUBROUTINE PRLANL 
To analyze a proposed or existing design, REGAD 
met call this subroutine. It will réquest, as user-sup- 
plied input, the basic information calculated in PRLDES, 
i.@., pitch diameters and effective facewidths. Using this 
information, PORLANL will compute other parameters such as 
gear tatios, power and speed splits, and numbers of teeth 
per gear. 
C. SUBROUTINE PRERES 
Immediately following a call to PRLDES or 
DRLANL, REGAD will call PRLRES to compute all rémaining 
information such as expected loadings and stress levels. 
The user should be aware that the stress levels are computed 
@eeeriing <o AGMA formulations ({Ref. 2 and 3j}] and take inte 
accoun+ load distribution and overloads. This will produce 
levels *hat may seem high but are actually closer to actuai 
levels to be expected in service. 
ae SUBROUTINES PRLSIZ 
REGAD calls this subroutine after PRLRES to con- 
pute =stimates of gear set weight and gearbox dimensions. 
These estimates are determined by empirical relationships 


Obtained from a rather limited data base of actual designs. 
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e. SUBROUTINE PRLOUT 
This is the last subroutine called by REGAD in 
*he parallel axis path. It provides a detailed output of 
the results obtained from the design or analysis including 
design parameters entered by the user, the dimensions of 
2ach component, expected loadings and stress levels, and 
Somrigurcation information. 
Be Module Thres : Epdevelic 

Module Three contains all the major subprograms 
called by REGAD to design cr analyze Simple epicyclic reduc- 
*i0n gears. Subroutines EPCDES, EPCANL, EPCRES, EPCSIZ, and 
EPCOUT are all analogous to those in Module Two. They per- 
form the same functions, but for simple epicyclic gears. 
Therefore, individual descriptions will not be repeated 


here. 


ue Module Four ;: Computational Subprogram Library 


This module is an organizational grouping of ali the 
subprograms called by those in Modules One, Two, and Three. 
a. Subroutine Subprograms 
The following are the subroutines used: 
(1) GFI - subroutine +o compute the AGMA dur- 
ability geometry factor, I 
(2) GFJ - subroutine to compute the AGMA 


strength geometry factor, J. 


19 





used: 


Real Function Subprograms 


The following are the real function subprograms 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(3) 


(9) 


ARCCOS ~ computes the arc cosine of two 
arguments 

ARCSIN - computes the arc Sine of two argu- 
ments 

AGMAE1 - uses LaGrangian interpolation of 
Table E-~1 (Ref. 1] te compute the constants 
required for the stress concentration factor 
fonuwlat cn 

CKDATA ~ called by SUBROUTINE AGMA to allow 
the user to change the preprogrammed con- 
Stans 

POWERB - computes allowabie service power 
based on AGMA strength rating ({[Ref. 3] 
POWERH - computes allowable service power 
based on AGMA durability rating [ Ref. 2} 
RTFNDR - a modified version of FUNCTION 
ZEROIN [ Ref. 6] used to find a zero of a 
function in a specified interval 

FALFA - the function required by SUBROUTINE 
GFJ and the zero of which is computed in 
FUNCTION RTFNDR 


SHRLD ~- computes the load Sharing ratio, n, 
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(10) THICK ~ computes tooth thickness at any 
diameter given a known thickness at a dif- 


ferent diameter. 


MOA LA TRANSFER 
All data transfer between subprograms in Modules One, 

Two, and Three is via combinations of seven common blocks. 
Beea transfer to and from subprograms in Module Four is via 
argument lists and common blocks as required. The following 
is a list of the common blocks used: 

(1) /AGMAB/Y : constants for AGMA strength formulations 

(2) /AGMAH/ :; constants for AGMA durability formulations 


for /DESDAT/ design parameters and options 


moee/OESPRL/ : parallel axis design information 
(5) /RESPRL/ : parallel axis computational results 
fome/7DESEPC/ : epicyclic design information 
Wee /RESEPC/ : apicyclic computational results. 
The variables in each common block along with their défiai- 


meens can be found in Appendix B. 


D. PRCGRAM OPERATION 

REGAD is an interactive program designed to allow the 
user +o solve his problem at a terminal. Being interactive, 
Smemp=Ogram has many options that control program execution, 


in addition to requests for data necessary for the execution 
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of the program. Each request for information will contain 

the necessary guidelines needed by the the user to respond. 
This may take the form of a mini-table containing informa- 

+ion on each option choice, the range of values when a spe- 
cific quantity is requested, or units, where applicable, of 
the requested data. 


All option parameters are integer vaiues and should not 


(t+ 


be entered with a decimal. Option codes entered by the user 
are checked for validity to ensure they fall within the 
allowed range. If two options are offered, enter a 1 or a 
2. Any value entered less than one will automatically 
default to one, and any value greater than two will automat- 
ically default to two. In those cases where there are more 
than «wo options, the response is checked to see if it falls 
within the allowed range. If it does not, a message alerts 
the user to this fact and allows him to re-enter the correct 
code. Some gquesticns require affimative or negativ2 respon- 
Ses. Toreply, us¢ a Y for yes or an N for no. Use of 
other values may give undesirable results. 

Every attempt has been made to anticipate possible error 
conditions. If one of these is encountered, a messag2 is 
generated to inform the user. If the error encountered is a 
terminal error, the message will also indicate that the pro- 


gram run was aborted under program control. 


a fe 





A detailed development of this package is provided in 
Appendix A where specifics can pe found. Appendix B pro- 
vides a cross-reference of the variables used in Appendix A 
meen ~nose used in the program. It also contains detailed 
SmeoLrmation on the common blocks. Sample runs of the pro- 
gram can be found in Appendix C, and a complete listing of 


the program is in Appendix D. 
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Pv CONCLUSPONS AND RECOMMENDATIONS 





Computer aided design (CAD) is an important and useful 
tool for engineers. AS computer technology continues to 
expand, CAD will become increasingly available for the prac- 
ticing engineer, allowing him to use his initiative in 
design instead of being a slave to the numbers involved. 
REGAD is such a tool for use in the preliminary design of 
marine reduction gears during the conceptual stages of pro- 
Bisa On plant design. 

REGAD could become even more useful if additional 
options are vrovidad. A module to perform sensitivity anal- 
yses of a given design would greatly enhance the use of this 
program. This option would allow the user No start with any 
design and vary a selected variable over a specified range 
to determine its impact on the design. It could also he 
used to "fine tune" a design by modifying selected parame- 
ters <o produce the results desired without having to rerun 
the orogram for each modification. Graphics would add 
another dimension by providing graphical displays of the 
gear arrangements and of certain data such as the results of 
a sensitivity analysis. A module to handle various compos- 
z= designs of parallel axis and 2picyclic gears would be an 


important addition. Aiso, it is recommended that a larger 
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data base be collected to provide more accurate empirical 


constants for the weight and gearbox size estimates. 
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APPENDIX A 


PROGRAM DEVELOPMENT 


With the exception of several general conversion rela- 
tionships, all computations are accomplished in Modules Two 
and Three with calls +o subprograms in Module Four. The 
analytical relationships used in the program will be exan- 
ined, however, most of the relations used can be easily 
pound in the literature and in various texts, so background 


developments will not be given. 


I. GENERAL RELATIONSHIPS 


The following relationships are used in Module One and 
in various other subprograms. The transverse diametral 
Meren Of any gear is the ratio of its number of teeth to its 


pitch diameter; 
N 
a =) (1) 
d 


The normal and «ransverse diametral pitches are related by; 
Pee COs (2) 


and ~=he pressure angles by; 
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tan = can @, cos v (3) 


Axial pitch is defined as; 








(4) 


IT. CONVENTIONAL PARALLEL AXIS FORMULATIONS 

Subroutines PRLANL and PRLDES each provide the pitch 
diameters of the pinions and gears, the effective face- 
widths, the stage reduction ratios, the numbers of teeth per 
gear, speed and power splits, and the geometry factors to 
mEou-in]es PRLRES and PRLSIZ to compute ali further infor- 
Mation. Th2 speed splits are the actual speeds of the indi- 
vidual gears and a power split is the actual power 
transferred by a gear. The strength and durakility geometry 
factors are computed in separate subroutines in Module Four 


and will be discussed later. 


meee ONMON RELATIONSHIPS 

Power splits are determined from the configuration. For 
a Single ovower path configuration, the power is transferre 
equally from «he pinicn to the gear, where in a dual power 


Peth configuration, the pinion transfers one half its power 


a7) 





to each of two gears. These splits are computed exactly 
Since losses are neglected. 
Speed splits and stage reduction ratios are based ony, 
D Be 
Re =—t+- (5) 
d Np 
Numbers of teeth on each gear are computed from the 


equation below and are rounded to the nearest integer. 


N =dx 2, (5) 


EeeeeDELOoRMINATION OF DIAMETERS AND FACEWIDTHS 

All diameters and facewidthns are entered by the user in 
subroutine PRLANL. Stage gear ratios, power and speed 
splits and numbers of teeta per gear are computed as dis- 
cussed in the previous section. 

In subroutine PRLDES, the diameters, facewidths, and 
stage gear ratios are determined by using a basic local ran- 
dom search optimization technique to produce a feasible 
@eeegr. This algorithm reguires an initial design to start. 

The initial design is based on Dudley's [Ref. 7] formu- 
lation for preliminary estimates of gear size; 

31500 Pwr (mg +1) 3 


C2F = ————~ —_——___—_ (7) 
K Rp Ne 
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(Dg +1) (3) 


2) 
li 
wie 


Peesubstituting equation § into equation 7, a formula for 
estimating pinion diameter is obtained; 
126000 Pwr (mg + 1) 


= —_——__- (9) 
Dewen (F/d) Ne 





where F/d = 1.0 for single helical gears and F/d = 2.25 for 
Memor> helical gears. The term K is the K-factor which is 
an indication of durability. an expression for estimating K 
is provided by Thoma [{[Ref. 4]; 
sm x 1074\2 Peed’ 
kK <|-————— | x (| -— (10) 
on Co Cm 

where ~he constants used are the AGMA durability constants. 
Mimemk-ftactor in equation 10 is for the secend reduction. 
Me@eeene first reduction, multiply K from equation 10 by 


1.20. The initial estimates for the stage gear ratios are: 
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(1) single reduction Mm.,= M, 

(2) double reduction mg=V¥M,+ 3 dual power path 
mg=VM¥,- 1 single power path 
Mg = VM, /De, 

my) triple reduction ng, = Vi, 
ng.= Vi, + 3 
tg = Vi, /UgDg, ° 


The initial facewidths used are: 


il 


(1) single helical gears F d 


(2) double helical gears F Zee Gi 

With =his initial design as a starting point for the 
candom search algorithm, successive designs are determined 
by randomly adding small amounts or between +1.0 and -1.0 to 
+he diameters, facewidths, and stage gear ratios. These 
small amounts are scaled to take into account the difference 
in range of values for each variable. This process will 
attempt to find a feasible design in which all specified 
constraints are satisfied. If the initial design violates 
one or more constraints, the design that violates them the 
least in succeeding iterations will be kept until a design 
Satisfying all constraints is found. Once a feasible design 
1s found, an attampt to improve this design is made by try- 
ang t2 reduc2 the size of the gears by minimizing a function 


of gear pair voiume; 


Volume = D0), C2F = DY [ t(me +1) 2d2F] (11) 
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The interior summation is over the number of reduction 


stages, and she exterior summation 1s over the number of 


power inputs. The constraints imposed which determine the 


limits on each of the designs are: 


(7) 


(2) 


(3) 


(4) 


(5) 


(5) 


actual transmitted power is less than or equal to the 
allowabl2= service power in accordance with references 
2 and 3 

maximum gear diameter of 200 inches due to manufactur- 
iidmlsmnatations 

minimum facewidth greater than four axial pitches to 
ensure proper helical action 

Maximum facewidth less than the pinion pitch diameter 
for a Single helical gear or 2.25 times the pinion 
pitch diameter for a double helical gear 

pinions and gears in succeeding reduction stages are 
memoe Lasge= than those in the previous stage due to 
the greater amounts of torque carried 

in dual power path arrangements, the gear ratio for 
each reduction stage is greater than the preceeding 


stage due to the torgue carried. 


The design obtained can than be adjusted by the user as 


desired by changing parameters with the analysis option. 
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IE IEBS pe Le. Cin PEO Ribu A LON S 

As in Modul? Two, the pitch diameters, effective face- 
widths, stage reduction ratios, numbers of teeth, speed and 
power splits, and the geometry factors are all entered or 
computed in the analysis or design subroutines (EPCANL or 
EPCDES) for use in the final computations subroutines 
(EPCRES and EPCSIZ). Here, the speed splits are the rota- 
tional speeds of the sun and planet gears and of either the 
ring gear or the carrier, depending on the configuration. 
Planetary arrangements have fixed ring gears while star 
arrangements have fixed carriers. Also, Chemdgemece On COL 
rotation must be considered. tar arrangements reverse the 
@eeection of rotation of the input and the planetary 
arrangements will maintain direction of rotation. Assuming 
equal load sharing of the planets and neglecting losses, 
power splits are straightforward. The input and output pow- 
ers are equal while each planet carrisas an equal share of 
the total power. Load Sharing is an important consideration 
in the design of epicyclic gears, and must be assured in 
marine reduction gears due to the high power levels experi- 
enced. Equal load sharing of the planets can be reasonably 
achieved in several different ways. One method requires the 


Sun gear to float, supported only by the planet gears, with 
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feeelacivyely flexible ring gear to aliow for inaccuracies in 
*+he teeth. There are also mechanical devices available to 
assist in achieving an equal division of the load. Experi- 
nce has shown, for marine applications, that three to five 
plane«s with stage ratios in the range of two to eight work 


best. 


A. COMMON RELATIONSHIPS 

Unlike conventional parallel axis arrangements, there 
are specific numerical rules governing the proper assembly 
and operation of an epicyclic gear set. These involve the 
selection of the numbers of teeth and planets along with 
computing *he various speed ratios. Mesh frequencies are 
also configuration dependent as seen in a following section. 

Phere are basically three relationships that must be 
Satisfied +o ensure proper assembly and operation. The 
Bacos: is 4 relationship defining the speed ratio of the epi- 
cyciic stage since it is not merely the ratio of numbers of 
teeth or diameters as in a conventional parallel axis gear 
set. The second relationship requires the ring gear diame- 
ter <0 be equal to the sum of the sun gear diameter and 
tWice a planez gear's diameter. This ensures the planets!’ 
Mmeeet-y to fit between the sun and ring gear. For the final 
relationship, it can be shown geometrically that the sum of 


the numbers of teeth on the sun gear and ring gear must be 
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an integral multiple of the number of planets in the gear 
set to ensure proper alignment and meshing of all teeth. It 
should be noted that these relationships are based on 
equally spaced planets around the sun gear. The above rela- 
+ionships are conveniently expressed in terms of numbers of 
teeth on each gear as seen in references 7 and 8. The speed 


ratio for a planetary arrangement is; 














ns als 
1, = = + | Ci) 
Nj Ng 
and for a star arrangement; 
Sai = 
Ng = = (13) 
nj Ne 


where the negative Sign indicates the star arrangement's 
SPeversal of rotational direction of the input. The rota- 
tional speed of the planet gears is required for the design 


of their bearings and can be determined by; 





me (14) 


where no in @ach equation above is the speed of the carrier 
ror a planetary arrangement or is the ring gear's speed for 
a star arrangement. The assembly and meshing relations in 


terms of tooth numbers are; 
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Na = No + 2 Noun (15) 


and; 
Naot Ne = Kk NP (16) 


where k is an integer and NP is tae number of planets. 


B. DETERMINATION OF DIAMETERS AND FACEWIDTHS 

The random search tecnnigue discussed for conventional 
parallel axis g2ars is used to provide the epicyclic diame- 
ters, facewidths, and stage gear ratios. Equation 9 is used 
*o provide an initial estimat2 of sun gear diameters where ao, 
is replaced by «he ratio of the planet's pitch diameter to 
the sun's pitch diameter. This value is usually in the 
Pange of 1.5 to 3; therefore, a random number in this range 
is used to start the probiem. Once the sun gear diameter is 
estimated, «he other diameters can pe found using the rela- 
tionships in equations 12 to 16. The initial estimates for 
she stage gear ratio are the roots of the overall ratio cor- 
responding *o the number of reduction stages. For example, 
Mg and Mg, for a double reduction gear set would be the 
Square root of the overall ratic. Initial facewidths are 


chosen as before. The initial estinartes of the diameters, 


Facewidths, and the gear ratios provide a starting point for 
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the random search algorithm discussed previously. Again, 


the method will attempt to improve feasible designs by mini- 


mizing a function of gear volume; 


Volume = }° (read <emedemetece |) oF (17) 


where the Summation is over the number of reduction stages. 


The constraints imposed are Similar to those for the paral- 


lel axis gears; 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


actual transmitted power is iess than or equal to the 
allowable service power in accordance with references 
2 and 3 

maximum ring gear diameter of 150 inches due +9 manu- 
Baceuring limitations 

Minimum facewidth greater than four axial pitches to 
2nsure proper helical action 

Maximum facewidth less than the sun's pitch diameter 
for a single helical gear or 2.25 times the sun's 
pitch diameter for a double helical gear 

planet gears are to be larger than sun gears due to 
the greater amounts of torque carried 

Stage gear ratios ars to be between 2 and 8 for each 


reduction stage. 


As before, once a deSign is obtained, the user can utilize 


the analysis option to obtain the desired results. 
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IV. COMPUTATIONAL RESULTS AND DESIGN INFORMATION 





Once the geometry is determined in tne analysis or 
design subroutines, the computational results subroutine 
(PRLRES or EPCRES) and the size estimates subroutine (PRLSIZ 
or EPCSIZ) are called to provide design iaformation concern- 
ing tooth loads, stresses, and other configuration, geon- 
atry, and size information. This section describes the 
formulations used. 

The facewidth +o diameter ratio is computed using the 
effective facewidth and the pitch diameter of the pinion for 
parallel axis g2ars or the sun gear for epicyclics. Center 
distance is taken as the average of the pinion and gear 
pitch diameters. A center distance is computed for epicycl- 
ics by finding <=he averag2 of the sun anda planet gears! 
pitch diameters. 


Pe cchiine velocity, V¥V, is determined by; 


ele) 6 |r 





(18) 
V2 


meee vy 25 in tee~ per minute, d is in inches, and n, is in 
revolutions per minute. The tangential component of tooth 


joad, W,, is computed fron; 
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126000 Pwr 





(13) 
Ne. d 


where W, is in pounds-force, Pwr is in horsepower, and d and 
Mp are as before. Tooth loading per inch of facewidth is 


computed from; 
Tooth Load per Inch = di, /F (20) 


and the unit lcad, a normalized value of the load per inch 


above, is: 


W, P 


nd 





Unit Load = (21) 


Ie 
where the unit load is expressed in pounds-force per square 
mnch. 
Mesh frequencies provide information on how often a 
tooth is loaded. Mesh frequencies for parallel axis gears 


are determined by; 


SS (22) 


with £ expressed in Hertz. For epicyclic gears, the follow- 


ing are used: 
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(a) {,; === 1, (dq) f, = NP no, 
Nat Ng 
Na Ng Ng 
Se «CF eee = Ns (23) 
Nein Nat Ng Nein 
NP Ng N. 
(c) £, = ne (f) fp, = NP ae 
Nat N, Ne 


where (a) through (c) are for planetary arrangements and (d) 
*“hrough (f) are for star arrangements. 


The K-factor is computed for reference purposes by; 


We (m,+1) 








(24) 
Fd Ng 


The contact stresses are computed according to reference 2 


BY ; 


(25) 





2 (26) 


feaevidual torques, T, are found by; 
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on Cl 





‘a (27) 
2000 
Male the total output torgue is computed by; 
03 SHP 
a a (28) 
Np 


where T has the units cf thousands of inch-pounds-force in 
both cases. Shaft horsepower, SHP, is the total power 
Pmeansrerred +o the output shaft. 

Weight and size estimates are based on empirical rela- 
tions obtained from a limited number of actual designs. The 


relations used are; 


Weight = c1-[}  (d?F) J* 
berguag= Gs.) F 
(29) 
Width = C4-D 
Height = Cc5-D 


Mm@ere she constants used are found in Table 1. All dimen- 
Sions are in inches and the weight is in pounds-force 


memmaed to three significant figures. 
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Table 1: Empirical Constants for Weight and 


Size Formulations 


Cons £an= Parallel Axis BpleyCLiic 
C1 1196.0 0.905 
2 0.34 0.89 
e3 2426 2 OS 
CY eee 1.30 
1234 -- 
C5 1.28 era’) 
D Bull Gear Ring Gear 
Diameter Diameter 


first C4: for single power inputs 
second C4: for double power inputs 


V. COMPUTATIONAL SUBPROGRKAMS LIBRARY FORMULATIONS 
The formulations provided below are for th major compu- 
tational subprograms in Module Four. Those that are self- 
meptanatory or are not computational in nature are only 


described in general. 


fear CCOS AND ARCSIN 

These function subprograms find the are cosine and are 
Sine, respectively, for any two arguments. They were added 
for convenience since not all compilers have them as inter- 


fer Lunctions. 
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B. AGMAE1 

Phas £unction subprogram returns the value of the con- 
stants H, L, and M reguired for the determination of the 
stress concentration factor, K,, according to reference 1, 
for use in computing the strength geometry factor, J. Tapnle 
E-1 in reference 1 provides the tabulated data necessary to 
perform a LaGrangian interpolation for each constant for a 
specified normal pressure angle in degrees. The interpola- 


tion formula used is; 











(On~29) (0, -14. 5) (Q,- 14.5) (O,- 25) 
F(Q,) = F, + F, 
oe es eae 
(Oz= 14.5) (0 -=20) 
+ ie (30) 
592.50 


where F represents the appropriate values of H, L, or M. 


mee = CKDATA 

FUNCTION CKDATA is called by subroutine AGMA to allow 
the user to selectively change the preprogrammed constants 
Pyecnecking if the value entered is zero. If it is zero, 
the current value of the specified constant is not changed. 
Bats provides for flexibility in changing constants with 
multiple values, and it guards against inadvertantly enter- 


M@igea value of zero. 
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D. POWERB AND POWERA 
These function subprograms are used to compute the maxi- 
mum allowed service power, in horsepower, that can be trans- 
mitted by a gear according to references 2 and 3. The 
formulation based on the strength rating is; 
ho Gan. 12 J Sac Ky 


Pe (31) 
(WeEO0G SreKa K. Kk P, Ka K; 





meaetne® durability rating formulation is; 


n 4 i> 5G, S, Gl Qe men 1c 











(32) 





ioe00) SF ¢) ce, Cc, C,, Ga Cee 


wher= J and I are the respective geometry factors, F is the 
effective facewidth, n is the speed of d in revolutions per 
Minut2, and d is the pinion pitch diameter for parallel axis 
Or is the sun pitch diameter for epicyclics. All other val- 


ues are the oreprogrammed constants. 


Eee nlLPNDR AND FALFA 

The function subpregram RTFNDR, a Slightly modified ver- 
sion of FUNCTION ZEROIN [ Ref. 6], is used to find the value 
of the root of the equation programmed in function FALFA. 
This root is required by the subroutine GFJ for the computa- 


Been Of the strength geometry factor, J. 
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pee OHRLD 


This function subprogram computes the load sharing ratio 
used in computing the geometry factors. The load sharing 
mietO, M,, is determined by; 

Pr ™ cos Q, 


1, 2— = ——— (33) 
° 95 V/ oS Z Aa 


where Z is the length of action defined as; 


The subscripts on the pitch diameters are: 
rec : OucSide diameter; d, =d + (2/P,) 
(2) » : base diameter; d, = d cos 9, 
Por epicyclics, replace the outside diameters is equation 34 


Meee onside diameters : d, = d- (2/P,). 


ore LHiLCK 
BUNCTION THICK returns the value of the normal arc 
thickness of a tooth at a specified diameter given a «hick- 


ness at another diameter. For external gears; 
t, = d,((t,/d,) + inv 0,- inv 9, ) (35) 
and for internal qears; 


t. = 4,((t,/d,) - inv®, + inv Q,) (36) 


Uy 





where the subscript 2 represents the desired point and 


subscript 1 represents the Known point. The involute func- 


tion is defined as; 


wy x = tan x - x (37) 


The arguments of the involute functiors in equations 35 and 
36 ar the transverse pressure angles at the points undér 
consideration. The pressure angle at the desired point is 


defined as: 


d, cos Q, 
cos 0). rere (38) 
d, 


The known point is usually taken at the pitch circle whers 


d, =d, 9,=@,, and t, is defined as 


are T 
tC Se FO" OOS (39) 
Ui 5 13s 


foe «GET 
This subroutine is used to compute the AGMA durability 
Geome=ry factor, I, in accordance with reference 2. The 
geometry factor is defined as; 
cos @, sin QO, ie 


[= SO (40) 
PE Nr (m, +1) 
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where m, is computed by function SHRLD described above. The 
plus sign applies +o external gears and the minus sign 


applies to internal gears. 


in GJ 

SUBROUTINE GFJ is used to compute the AGMA strength 
geometry factor, J, in accordance with reference 1 with one 
major difference: the values used are from analytical devel- 
opments and are not scaled to a normal diametral pitcn of 
one as are the values used in a graphical layout discussed 
in reference 1. The strength geometry factor is defined as; 

Na Cee 


—— (41) 
K, Dy 


The load sharing ratio, o is computed in FUNCTION 


N @ 
waeobd., Th? stress concentration factor, K,, is determined 
ErcOm: 

t M 


t 
K, =H + [——)-{— (42) 
h 


where H, L, and M are determined in FUNCTION AGMAE1. The 
fete OL the root fillet radius, r,, is; 
(Dee) 


ees es (43) 
(eyizecose.) jet (b= 5. } 





with the dedendunm, b = ite o7 2 ondecne TOOt tip radius, 
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B= 0.28/P,4. The values of t and h are determined from the 
anlytical geometry of the tooth form layout described below. 


Mae tooth form factor, Y , is defined as; 





cos @,, ees tan Q,, 1 
Meena | ase oe (44) 
Gos ©, 5 on i 


where + and x are also from the tooth form layout mentioned 


previously. The helical factor, C,, is defined as; 








Vv Vv 
Cc, = 1 - = (45) 
100 100 
Maes] tanv = tany sing, for #s 50°. The normal ioad 


Peessure angle at the tip of the tooth, @,,, can be seen in 


figur2s 6 and 7 and is given by; 


a, 5 
@,.= cos~t{——|} + —— (46) 
a, a, 


where the subscript o pertains to the point on the outside 
diameter and subscript b pertains to the base circle. The 
plus sign applies to internal gears and the minus, to exter- 
nal. The thickness, t,., at the outside diameter is deter- 
Mined by function THICK. For internal gears, replace the 
Outside values with the inside values as before. 

The graphical tooth form layout is a method by which the 


Variables h, t, and x can be determined from actual 
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measurements of a tooth form drawn and scaled for a normal 
Mmeeme+ tal pitch of one for the case where tooth loading is 
at the tip. Loading at the tip of the tooth is the general 
practice for considering loads on helical gears. Refer to 
Figure 7 for the meanings of h, x, and T where t = 2T. 
Semeore determining h, x, and T analytically, several refer- 
ence parameters must be determined as suggested by McIntire 
and Lyon [Ref. 9}. The first is the radius from the center 
O6t the gear to the tip of the inscribed Lewis stress para- 
Sedewhich is pcint SB in Figure 7. This point is the inter- 
Meecton of the line of action of the tip load, tangent to 
*he base circle, with the tooth centerline. The radius to 
mes DOLNt is; 


dy dy 


ee = —_—= 
Z 





(47) 
ZEgs Ore 

An additional reference point is reguired to fix the geon- 
[eey. The center of of the root fillet is taken as this 
point which can be obtained by a very close approximation. 
To locate this point, the gear center is taken as the origin 
of a cartesian coordinate system with the tooth centerline 
as the vertical axis. Two possible cases exist for the 
Meea-10n of this point with respect to the base circle. 
Figur 8 shows the case where the point is inside the base 


Citcle andi Figure 9 shows the case where it is outside. The 
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Beercdi nates of this peint, (XC,YC), can be found from Fig- 
ures 3 and 9. For both cases it can be seen in Figures 8 


and 9 that; 


Stel 2 Gs ko oe (48) 


where d, = d- 2b a= 25727). Foor Figure 6, the angle, 


Te 
€ = inv@ + sin-! —_ (49) 
d 


where t,. is «he chordal tooth thickness given by; 


+3 cos2 y 


ct 
i 





ent = (50) 


6 d3 


Mmmm is =he nommal arc tooth thickness defined earlier. 


Mer th case in Figure 8; 


XX (HYP) sin € 


i 


Yow + Tr, (a) 


YC = VHYP2- xc2 (b) 


miae.Oot the case in Figure 9; 


(31) 
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Q,= 


OPP, 
OP, 


HY 2, 


Q, = 


(d,/2) 


cos-t 
HYP 
= (HYP) sin Q, 
=20 2 oo, 
=Vopp2 + (d,/2) 2 
(d,/2) 
cos Fi ee 
HYP, 


A=@, + inv@d, - 9, 


Wien G2zternal gears 


"" Tor internal gears (see Figure 11) 


oO = 
XC = 


YC = 


A+ € 
(HYP) sin 6 (a) 
(HYP) cos 6 (D) 


(32) 


With the reference values of r,, XC, and YC determined, 


the values of h, +=2T, and x can be analytically determined. 


meom rigur2 7; 


Cie Ecos 


Yee. 
ieee FC ot YH = Fy. = YC + ©, Sina 
Me epe—ekC — XT =) XC = E, cos a 
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(23) 


(54) 


(35) 





Tt 
Co‘ [> (57) 
tan @ 


where qa must be determined such that; 


YK = 2h or YK - 2h = 0 (58) 


Mosc ituting equations 53 through 57 into 58 yields; 


meme XC — ©,cosa - 2tan@ (5, ~YC + £,sinag) = 0 (59) 


Pagaction 59 is the function in FALFA called by RTFNDR to 
solve for a Once @ is determined, h can be determined fron 
Seua-2On 55 and T and t from equation 56. To obtain x, 


observe the following; 


Y= tan7!? (h/T) 


Y; (Ae, ee 


and 


ra 
ii 


Pavan ¥ (60) 


While not precise, the identical methodology is used for 
internal gears. Figures 10 and 11 apply. The expressions 


for internal gears are given without further developmenc; 


oI 





eH e-t et Veet ©, Sin a 
Loe LE = 2, COsea 
ee te a 


(61) 
Y= tan! (h/T) 


aS 
T 


(™T/2) - ¥ 


va 
lt 


Baer Of, 


The values for h, t, and x are now used to determine the 
Beress concentration factor, equation 42, and the tooth form 


factor, equation 44, required to compute the strength geon- 


iD 


may c£actor, J, in equation 41. 
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APPENDIX 3B 


iff) OF PARAMETERS 


While it is not practical to list all variables used in 
the formulations or the program, it 1s useful to provide a 
list of the major variables with a cross-reference between 
+he analyczical names and the FORTRAN names. A detailed 
listing of @ach common block is also useful when studying 


the progran. 


Ls Sarees ROSS — REPERENC & 





This section provides a listing of parameters with both 


their analytical and FORTRAN names. 


Math FORTRAN Variable 
Symbol Name Definition 
Sof AKL frie ftaetor 
hem AK™ loa@marstribucszon factor 
Ko AKO overload factor 
Ke AKR rei@apility factor 
e. AKS SizZeuraccor 
Ky AKT temperature factor 
Ky AKY dynamic factor 
SF SFB service factor 
@ CDE center distance (theoretical) (in) 


5) 





Cy 
Cy 
CL 


Cm 


ds 


ty 


@)5)12 


Gr 


CH 


Ci; 


en 


CO 


Oe 


GR 


eS 


et 


CV 


SFH 


DHELIX 


Hem x 


DEAS 


2108 


DPALIN 


PHIN 


DG 


Be 


DPLN 


DR 


(E=epicyclic, P=parallel axis) 
surface finish factor 
hardness factor 

Inte Lactor 

load distribution factor 
overload factor 

elastic properties factor 
reliability factor 

SEZeG Daccor 

temoerature factor 

dytani ec factor 

service factor 

helix angle (deg) 

helix angle (rad) 

transverse pressure angle (deg) 
transverse pressure angle (rad) 
normal pressure angle (deg) 
normal pressure angle (rad) 
diameter of gear (in) 

diameter sor pinion (in) 
diameter of planet gears ({in) 
diameter of ring gear (in) 
root diameter of a gear (in) 
diameter of sun gear (in) 
facewidth ({in) 

(E=epicyclic, P=parallel axis) 
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r/d 


FBYDE 


FBYDP 


GEOUML 


GI 


GEOMNJG 


GEOMJP 


GJS 


GJPL 


Gr Gn kus 


nee in P 


MFE 


MPP 


MGOE 


MGOP 


MGP 


NG 


NP 


NPLNT 


NPLN 


NR 


NS 


}540, 


PND 


EEy es 


PLVP 


f/d ratio (facewidth/diameter) 


(E=epicyclic, P=paraillel axis) 


duribility geometry factor (pinion) 


durability geometry factor (sun) 


strength 
strength 
Seren gt n 
strength 


computed 


geometry 
geometry 
geometry 
geometry 


k-factor 


factor (gear) 
Laccorr (PLD LOM) 
factor (sun) 


factor (planet) 


(E=epicyclic, P=parallel axis) 


mesh frequency (HZ) 


(E=epicyclic, P=parallel axis) 


overall reducticn ratio 


(E=epicyclic, P=parallel axis) 


stage reduction ratio 


(E=epicyclic, P=parallel axis) 


number of 


number of 


Lumber of 


number of 


number of 


humber of 


teeth, 
teeth, 
planet 
teeth, 
©eeta; 


teeth, 


gear 

pinion 

gears in epicyclic set 
planet 

ring 


sun 


transverse diametral pitch 


normal diametral pitch 


pitch line velocity (fpm) 


(E=epicyclic, P=parallel axis) 


2a. 





EMI 


Dout 
Nj 


No 


21.90% 


St 


We 


PWRE 


Pair 


RPMIN 


RPMOUT 


FUEMee 


RPMO 


Biel 2) 


eee 


SAC 


DAT 


Sips 


SIGBE 


3 GaP 


power split per gear pair (hp) 
(F=epicyclic, P=parallel axis) 
source speed input (rpm) 

output shaft/propeller speed (rpm) 


stage input speed, epicyclic (xrpm) 


-stage output speed, epicyclic (rpm) 


planet speed, epicyclic (rpm) 
stage pinion and gear speed, parallel 
axis (rpm) 

allowable contact stress number 
allowable bending stress number 
Shaft horsepower, output (hp) 
bending stress (psi) 
(E=epicyclic, P=parallel axis) 
contact stress (psi) 
(E=epicyclic, P=paraliel axis) 
songue (k 2n-1d) 

(E=epicyclic, P=parallel axis) 
tangential tooth load (1b) 


(E=epicyclic, P=parallel axis) 


fi. “SOMNON BLOCK  DETALLS 


The following provides information concerning the vari- 


ables 


in 2ach common block. 


The numbers in parentheses are 


“ne Size of the array where applicable. 


Ble 





COMMON BLOCK AGMAB 





Sr 8 


AKV 


BXS 


AKM 


AKO 


SAT 


AKL 


AKR 


AKT 


COMMON 


Sas 


ey 


cS 


Cau 


er 


CO 


SAC 


On 


cL 


GH 


er 


Gx 


Rete (2,2) ; 
R® Ys 

RY s 

R= 4 5 

Res (2); 
Rod (6 )75 
R®™4 (2); 
R= 4 (6); 
R24; 


BLOCK AGMAH 


e¢ 


Rr ( 2, 2) $ 
R®4 (3); 
R*4; 

a4 (2) 5 
Rea > 

R™Y (2); 
R™4 (6); 
R243 

R*4 (2); 
R243 
Rees 

RG (6) 5 


CEOR Saen NGI RAT LNG) 





service factor 

dynamic factor 

size factor 

load distribution factor 
overload factor 

allowable bending stress number 
life factor 

Felvabpia2ty factor 


temperature factor 


(FOR DURABILITY RATING) 
service factor 

dynamic factor 

Size f£accor 

load distribution factor 
surface finish factor 
overload factor 

allowable contact stress number 
elastic properties factor 
lise factor 

hardness factor 
temperature factor 


HeoltaAls tty faCtoL 
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COMMON BLOCK DESDAT 


PWRIN 


RPMIN 


® 
@ 


e 
@ 


RPMOUT: 


DHELIX: 


HELIX 


ED 


PND 


DEHI 


vaieioa 


LHARD 


IOPRO 


e 
Sd 


6 


me ok IN: 


De S Rs 


NRED 





R&%4G (2); 


RY 


R= s 


Zan 


R*4 (3); 


Ry 


(oe. 


R°4 (3)3 


R®Y 


(2)5; 


R™4 (3); 


RX4 (3); 


R= 4 
R* 4 
eat, 


he ye 


ory 


I*4 


ree; 


eu: 


(2); 


C3)r; 


(2h 
(3572): 


I*4 (2); 


(DESIGN PARAMETERS, INPUT) 


power input (hp) 


source 
source speed input (rpm) 
Output shaft/propeller speed (rpm) 
helix angle (deq) 

helix angle (rad) 

transverse diametral pitch 

normal diametral pitch 

transverse pressure angle (déqg) 
transverse pressure angle (rad) 
normal pressure angle (dég) 

nermal pressure angle (rad) 
Number of different power sources 
arrangement code (1l=parallel axis, 
2=epiley el ic) 

@epicyclic code (l=planetary, 2=star) 
hardness range code (1-6, see SUBR. 


AGMA) 


Operational profile code (l=naval pro- 


file full power 5% max; 2=other, aax 
power continuous) 
number of power sources (inputs) 


power Source code (1t=turbine or motor, 
2=multicylinder internal combustion 
engine) | 

number of reduction stages 


3.6. 





NPATH 


NPLNT 


NHELX : 


T# 4; 
Tz4 


Lu: 


POMUMON BLOCK 





4GOE 3 
MGE 5 
Reuk = 
reuPL : 
ROMO ; 
OWRS = 
iS : 
DeELN 
DR 
meer 
GI : 
GJS : 
GJPL : 
aS 

NPLN 

NR 


RY ; 
R® 4 
R™ 4 
R™ 4 


R24 


R= 4 
rey 
I=4 


I*4 


COMMON BLOCK 


PWRFACs: 
MGOP : 
MGP : 


Re4 


R™4 


R24 


one, 


ESE eC 


(3); 
(3); 
(3) 3 
(3); 
(3) ; 
(3); 
(3); 
(3); 
(3); 
(2); 
(3); 
(3) 5 
(3); 
(3); 


CONG 


DESPRL 
(2,3); 
(2); 
(3,2); 


number of power paths (1=single, 2=dual) 
number of planet gears in epicyclic set 


number of helicies (1l=single, 2=double) 


{EPLICYCLIC DESIGN PARAMETERS) 


overall reduction ratio 

stage reduction ratio 

stage input speed (rpm) 

planet speed (rpm) 

Stage output speed (rpm) 

stage power split per planet (hp) 
diamezer of sun gear (in) 
diameter of planet gears (in) 
diameter of ring gear (in) 
racewidth (in) 

durability geometry factor (sun/planét) 
strength geometry factor (sun) 
strength geometry factor (planet) 
number of teeth, sun 

number of teeth, planet 


humber of teeth, ring 


(PARALLEL AXIS DESIGN PARAMETERS) 





Stage power spiit factor 
overall reduction ratio 
stage reduction ratio 


a) eS) 





RPMP = 
Pwr 8s 
DP : 
DG ; 
Acs? 3 
GEOMI : 
GEOMJG?: 
GEOMJP: 
VP 2 
NG ; 


BemnON BLOCK RESEPC 


PoVE ?: 
ooo 
CDE : 
fl ge 

feels : 
UNTLDE: 
MFE : 
Peel RE: 
SeGHE : 
SrGoE ; 
menor : 
hems 86 ( 
meLAMEs 


WGHTE : 


Re4 
Re 4 


R24 


REY 


Re 4 


Re 4 


I*4 


ry 


Re 4 


R*4 


Re 4 


R= 4 


R* 4 


Re 4 


R24 


RY 


R= 4 


R*4 


RQ 


RY 


R*4 


(6,2); 
(6,2) ; 
(3,2); 
(3,2); 
(3,2); 
(3,2); 
(3,2) 5 
(3,2); 
(3,2); 


(372); 


(3); 
(3); 
(3); 
(3); 
(3) ; 
(3); 
(3,3); 
(3); 
(3); 
(3); 
(3,3);3 
(3,3); 
(3,3); 


stage pinion and gear speed (rpm) 
stagé power split per gear (hp) 
diameter of pinion (in) 

diameter of gear (in) 

facewidth (in) 

dimubpaltey geometry Iactor 
strength geometry factor (gear) 
strength geometry factor (pinion) 
number of teeth, pinion 


number of teeth, gear 


(Se bey CL UG@EARAMEPT ERS, RESULTS) 
pitch line velocity (fpm) 
f/d ratio (facewlidth/sun diameter 
center distance (theoretical) (in) 
tangential tooth load (1b) 
tooth load per in (lb/in) 
unit load (psi) 
mesh frequency (Hz) 
computed k-factor 
contact stress (psi) 
bending stress (psi) 
ronque (kK —1n—-1b) 
gear speeds (rpm) 
pitch diameters (in) 
gear set weight estimate (1b) 


60 





SPCWTE: 


SHS : 


moiZks: 


evmmON BLOCK RESPRL 


PLVP :;3 
mer Deo 3 
opr : 
WTP 5 
ime iP 
UNTLDP:?: 
FP : 
eee rap; 
SLGHP ; 
e2G5P 
TORQP 
PDIAMP: 
SoUMIN: 
ee DMAX: 
SHP : 
MentP : 
BeECATP: 
eROOUT: 
MTHP 


meiZEP s 


Rey: 
ES (3,3) 3 
ot). 


R*4 (3,2); 
RSG (3,2); 
R&=4 (3,2); 
Re (6,2): 
R#=4 (6,2); 
Rete (65 2)°: 
Reni Sia12) 
Re (6,2) § 
Re (3,2); 
Ru (6,2); 
RG (6,2) ; 
Rice (Oyo). s 
Re 
R¥ Ys 
RY 5 
R= 4 ; 
R24 
R¥Q ; 
Iz4 (6,2); 


I?4 (3); 


Specific weight (1b/hp) 
tooth numbers 


length, width, height estimates (in) 


(PARALLEL AXIS PARAMETERS, RESULTS) 
pitch line velocity (fpm) 
f£/d zratsao (facewidth/pinion diameter) 
center distance (theoretical) (in) 
tangentiai tooth load (1b) 
tooth load per inch (lb/in) 
unit load (psi) 
mesh frequency (HZ) 
Gompuced k=factor 
contact stress (psi) 
bending s<ress (psi) 
torque (kK in-1b) 
pitch diameters (in) 
Minimum source center distance (in) 
Maximum source center distance (in) 
Shaft horsepower, output (hp) 
gear set weight estimate (lb) 
specific weight (lb/hp) 
torque, output (k in-lb) 
tooth numbers 


lengta, width, height estimates (in) 
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APPENDIX C 


2EGAD SAMPLE RUNS 


This appendix contains samples of actual terminal ses- 
sions uSing REGAD. For the sake of brevity, only two con- 
plete sessions ar2 included. However, a number of analysis 
and design runs were made using a full range of options and 
configurations, and they compared favorably to actual 
designs. The comparisons are not shown here due to the pro- 
Prvecary nature of the designs used for verification. The 
first example is an analysis run for a locked train, double 
Beauc-i0n gear see with two different inputs. Following it, 
is the results section from a design run using the identicai 
parameters as the analysis run. The second example is a 
doubl2 reduc=ion epicycliic gear set with the complete analy- 
Sis session followed by the results section of a design run 
as before. The analysis and design sessions are identical 
with one exception. A seed for a random number generator is 
requested in the design option instead of diameters and 
facewidths as in «he analysis option. For those cases where 
an infeasible design is generated, a néessage will alert the 
user and *+he program will continue. To obtain a feasible 


design, or just a different one, rerun the program and 
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provide a different ssed for the random number generator. 
This method was used on several occasions to obtain the 

desired results. Once a feasible design is obtained, the 
user can then use the analysis option to obtain a design 


“hat more closely suits his needs. 
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